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A PROCESS FOR THE PREPARATION OF SUBSTITUTED 
PYRIDINYLMETHYLSULFINYL-BENZAMIDE ENANTIOMERS 



FIELD OF THE INVENTION 
5 The present invention relates to an enantioselective process for 

preparing substituted benzinnidazoies eitiier as a single enantiomer or in an 
enantiomericaliy enriched fornn and novel intermediates useful for preparing the 
substituted benzimidazoles. 

10 BACKGROUND OF THE INVENTION 

Substituted 2-((4-alkoxy-2-pyridinyl)methylsulfinyl)-1H-benzimidazoies 
such as for example omeprazole, pantoprazole, lansoprazole and rabeprazole 
including their stereioisomers are Inhibitors of gastric acid secretion. 

15 Omeprazole, chemically 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyi) 
methyl]sulfinyl]-1H-benzimidazole is for instant disclosed in EP 124496. 

These compounds and structurally related compounds have a 
stereogenic center at sulfur and therefore exist as two optical isomers. The 
resolution processes of racemates of these compounds were for example 

20 disclosed in DE 4035455 and WO 94/27988. According to these processes 
racernic compound is converted to a diastereomeric mixture, diastereomers are 
separated and desired isomer is liberated from a separated diastereomer. 

The resolution process involves additional resolution steps and a waste 
of material in the form of undesired diasteriomer. 

25 Enantioselective synthesis is described for example in Euro. J. Biochem. 

166 (1987) 453 and US 5,948,789. Disadvantages of these methods are that 
strict control of conditions is to be maintained and strict control of quantities of 
oxidizing agents is required for avoiding oxidation of desired sulfoxide to sulfone 
impurity. [\/loreover, the crystallization from the reaction mixture of a 

30 stereoisomer of the sulfoxide is difficult. 

We have discovered a novel process for preparation of enantiomers of 
the sustituted benzimidazoles; and the novel process solve the problems 
associated with the prior art processes for preparing these and related 
compounds. 



wo 2005/054228 



PCT/IN2003/000384 



DESCRIPTION OF THE INVENTION 
The present invention provides a novel process for preparing a sulfoxide 
of fonnula I either as a single enantiomer or in an enantiomerically enriched 
fomi: 

5 



Ri and R2 are same or different and selected from hydrogen, alkyi, 
all^ylthio, alkoxy optionally substituted by fluorine, alkoxyalkoxy, dialkylamino, 
phenylalkyi and phenylalkoxy; 



YlsOorS 
and 

R4, R5, Re and R7 are same or different and selected from hydrogen, 
alkyI, alkoxy, halogen, haloalkoxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl and 
15 trifluoroalkyi; 

which process cottnprises the steps of: 

a) an asymmetric oxidation in an organic solvent of a prochlral 
sulfide of the fonnula II 




Wherein 



10 



R3 is alkyI optionally substituted by fluorine, alkoxyalkyi and phenylalkyi; 



R. 




R5 



6 



II 



20 



Wherein Ri, R2, R4, R5. Re and R7 are as defined above and R3 is halo or 



nitro 



2 
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with an oxidizing agent and a chlral titanium complex; 
and 

b) reaction of the compound obtained either as a single enantiomer or in 
an enantiomerically enriched fornn in the step (a) of fornRula III: 

5 




R7 

wherein Ri, Ra, R3', R4» Rs, Re and R7 are as define for formula II; 

with a compound of formula IV: 

((R3-Y))nM 

10 wherein R3 and Y are as defined for formula I, M is alkali metal or alkaline earth 
metal and n is 1 when M is alkali metal and n is 2 when M is alkaline earth 
metal; 

to obtain a compound of formula I either as a single enantiomer or in an 

enantiomerically enriched fonn. 
15 AlkyI defined above refers to branched or straight C1 to C9 alkyi and 

may also represent -cycloalkylalkyi group. Alkoxy defined above refers to 

branched or straight C1 to C9 alkoxy and may also represent cycioalkylalkoxy. 
Preferably, the sulfoxides prepared by the novel method are sulfoxides of 

fonmula la to if either as a single enantiomer or in an enantiomerically enriched 
20 fomi: 



3 
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The compounds defined by the above formulas I, la to If may be 
converted to pharmaceutlcally acceptable salts thereof by conventional 
methods. 

The prefen^ed compounds of the fomiula III are the compounds of the 
5 formula Ilia to illf either as a single isomer or in an enantiomerically enriched 
form: 
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The asymmetric oxidation In step (a) can be carried out by mixing chirai 
titanium complex with the prochiral sulfide. The enantioselective oxidation can 
also be carried out by preparing chirai titanium complex in the presence of 
prochiral sulfide. 

5 The oxidation gives the product of the formula III in enantiomeric excess 

(ee) of at least 40%, usually above 90%. 

Single enantiomers or enantiomerically enriched forms of the compounds 
of formula III are novel. 

The asymmetric oxidation is candied out in an organic solvent Examples 
10 of the suitable solvents are carboxylates such as ethyl acetate, methyl acetate, 
isopropyl acetate, tert-butyl methyl acetate and ethyl formate; alcohols such as 
methanol, ethanol and isopropyl alcohol; acetonitrile; tetrahydrofuran; 
dimethylformamide; dimethylsulfoxide; dioxane; aromatic hydrocarbons such as 
benzene, toluene, xylene, etc.; halogenated hydrocarbons such as me%lene 
15 dichloride. chlorofomn, cart)ontetrachloride, ethylene dichloride, etc.; ketones 
such as acetone, methyl ethyl ketone, methyl isobutyl ketone etc.; ethers such 
as tert-butyl methyl ether, diethyl ether; and diethyl carbonate. A mixture of the 
solvents may also be used. Prefenred organic solvents are ethyl acetate, tetra 
hydrofuran, toluene, nniethyl ethyl ketone, methyl isobutyl ketone, methylene 
20 dichloride. tert-butyl methyl ether and diethyl cart)onate. 

The titanium complex is prepared from a chirai ligand and a titanium IV 
compound such as titanium (IV) alkoxide. Preferable titanium (IV) alkoxide is 
titanium (IV) isopropoxide or titanium (IV) propoxide. 

The amount of titanium complex is not critical. An amount of about 0.02 
25 to 10.00 equivalents may be used, 0.1 to 5.0 equivalents being more preferable. 

The titanium complex can also be prepared by reaction of titanium- 
tetrachloride with a chirai ligand in the presence of a base. 

An oxidizing agent suitable for the asymmetric oxidation is preferably a 
hydroperoxide such as tert-butylhydroperoxide or cumene hydroperoxlde. 
30 The chirai ligand used, in the preparation of the titanium complex is 

preferably a chirai alcohol such as esters of tartaric acids. More preferable 
esters are (-)-diethyl D-tartrate and (+)-diethyl L-tartrate. 



6 
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The oxidation is preferably carried out in tlie presence of a base. Tlie 
•preferable bases are all<yl amines such as triethyiamine, diisopropylethylamine, 
pyridine, morphoiine and N-methyi morpholine. • 

The oxidation may also be carried out in the presence of water along 
5 with the organic solvent. 

The compounds of the fomnula III can be isolated from the reaction 
mixture conveniently as solids and can be used in the next step. The reaction 
mixture can also be used directly in the next step. 

In the step (b), the reaction of the compound of fomriula III with the 
10 compound of formula IV Is carried out in a solvent or a mixture of solvents- 
Preferred solvents are carboxylates such as ethyl acetate, methyl acetate, 
isopropyl acetate, tert-butyl methyl acetate and ethyl fonnate; alcohols such as 
methanol, ethanol and isopropyl alcohol; acetonitrile; tetrahydrofuran; 
dimethylformamide; dimethylsulfoxide; dioxane; aromatic hydrocarbons such as 
15 benzene, toluene, xylene, etc.; halogenated hydrocarbons such as methylene 
dichloride, chloroform, carbontetrachloride, ethylene dichloride, etc.; ketones 
such as acetone, methyl ethyl ketone, methyl isobutyl ketone etc.; ethers such 
as tert-butyl methyl ether, diethyl ether; and' diethyl carbonate. A mixture of the 
solvents may also be used. IVIore preferable organic solvents are ethyl acetate, 
20 tetrahydrofuran, toluene, methyl ethyl ketone, methyl isobutyl ketone, methylene 
dichloride, tert-butyl methyl ether and diethyl carbonate. 

No racemization is found to occur during the substitution reaction. 

Compounds of fomiula IV wherein M is sodium or potassium is preferred. 

The substitution reaction is carried out below the boiling temperature of 
25 the solvent/solvents used, preferably at about -40°C to boiling temperature of 
the solvents and more preferably at about 0 to 40°C. 

The quantity of the compound of the fomiula IV is not critical, but atleast 
1 equivalent of the compound of the fonnuia IV is required for better yield. 

The starting compounds of the fonnuia II and IV are known or can be 
30 obtained from known processes. 

The following examples are given for the purpose of illustrating the 
present invention and should not be considered as limitations on the scope or 
spirit of the invention. 
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Example 1 

5-Methoxy-2-[[(3.5-dimethyl-4-nitro-2-pyridinyl)methyl^^ 
benzimidazole (25 gm), ethyl acetate (250 ml) and water (0.5 ml) are mixed and 
the contents are heated to 35°C. (-)-Diethyi D-tartrate (22.7 gm) and titanium 
5 isopropoxide (20.45 gm) are added, the contents are stirred for 1 hour at 35*^C 
and cool to 25°C. N,N-Diisopropyl ethylamine (11.7 gm) is added to the reaction 
mass and to the clear solution formed cumene hydroperoxide (26.5 gm) is 
. added slowly to the solution at 25°C in 15 minutes. The reaction mass is heated 
to 35°C and maintained for 12 . hours. Isooctane (20 ml) is added to the reaction 
10 mass and extracted with 12% ammonia solution (200 ml) and adjusted the pH of 
the aqueous layer to 7 to 7.5 with acetic acid at 20°C. Then extract the aqueous 
solution with ethyl acetate (250 ml), dried and distilled off ethyl acetate. The 
residue obtained is dissolved in acetonitrile (50 ml) at 70^C and cooled to 0°C, 
(S)-5-Methoxy-2-[[(3,5-dimethyl-4-nitro-2^pyridinyl)methyl]sulfinyl]-1H- 
15 benzimidazole (ee: 95%) obtained as solid is collected by filtration. 

Example 2 

(S)-5-Methoxy-2-[[(3.5-dimethyl-4-nltro-2-pyridinyl)methyl]sulfinyl]-1H- 
benzimidazole (ee: 95%, 10 gm) is mixed with methanol (100 ml) and the 

20 contents are cooled to 10°C. Sodium methoxide solution (20 ml, 30% in 
methanol) is added and heated to 50°C. The contents are maintained at this 
temperature for 3 hours, cooled to 25°C and water (100 ml) is added. The pH of 
the reaction mass is adjusted to 8.0 with acetic acid. Then the reaction mass is 
extracted with methylene dichloride (100 ml), the layers are separated and the 

25 methylene dichloride layer is washed with water (1 00 ml). Methylene dichloride 
layer is dried with sodium sulfate, methylene dichloride solvent is distilled off to 
obtain (S)-5-Methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-1H- 
benzimidazole as residue. The residue is dissolved in methanol (30 ml), cooled 
to 10°C and then potassium hydroxide (1.5 gm) In methanol (10 ml) is added 

30 slowly for 15 minutes. The reaction mass is stirred for 12 hours and the solid 
obtained is filtered to obtain potassium salt of (S)-5-Methoxy-2-[[(4-methoxy-3,5- 
dimethyl-2-pyridinyl)methyl]sulfinyl]-1H-benzimidazole (ee: 95%). 
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We claim: 

1) A process for the preparation of a sulfoxide of formula I either as a single 
enantiomer or in an enantiomerically enriched form: 



5 Wherein 

Ri and R2 are same or different and selected from hydrogen, all<yl, 
alkylthio, alkoxy optionally substituted by fluorine, alkoxyalkoxy, dialkylamino, 
phenylalkyi and phenylalkoxy; 

R3 is alky! optionally substituted by fluorine, alkoxyalkyi and phenylalkyi; 
10 Y is O or S 
and 

R4, R's, Re and R7 are same or different and selected from hydrogen, 
alkyi, alkoxy, halogen, haloalkoxy, alkylcarbonyl, alkoxycarbonyl, oxa2X>lyl and 
trifluoroalkyl; 
15 which process comprises the steps of: 

a) an asymmetric oxidation in an organic solvent of a prochiral 
sulfide of the fomiula II 





-■^ II 



20 



Wherein Ru Ri* R4, R5. Re and R7 are as defined above and R'3 is halo or 



nitro 



with an oxidizing agent and a chiral titanium complex; 
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and 

b) reaction of the compound obtained either as a single enantiomer or in an 
enantiomerically enriched fonn in the step (a) of fonmula III: 



wherein Ri, R2, R3', R4. R5, Re and R7 are as define for formula II; 

with a compound of formula IV: 

({R3-Y))nM 

wherein R3 and Y are as defined for fonnula I. M is alkali metal or alkaline earth 
10 metal and n is 1 when M is alkali metal and n is 2 when IVI is alkaline earth 
metal; 

to obtain a compound of fomiula I either as a single enantiomer or In an 
enantiomerically enriched form. 

2) A process according to claim 1, wherein the compound of the fonnula III 
15 obtained is single enantiomer. 

3) A process according to claim 1, wherein the compound of the fonnula III 
obtained Is in enantiomerically enriched form. 

4) A . process according to claim 1, wherein the compounds of the fonnula I 
prepared are sulfoxides of formula la to If either as a single enantiomer or In 

20 an enantiomerically enriched fonn: 




III 



5 
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5) A process accx)rcling to claim 1, wherein the asymmetric oxidation is carried 
out by mixing chlral titanium complex with the sulfide of formula II as defined 
in claim 1. 

5 6) A process according to claim 1, wherein the asymmetric oxidation is carried 
• out by preparing chiral titanium complex in the presence of prochiral sulfide. 

7) A process according to claim 1, wherein the organic solvent is selected from 
the group consisting of carboxylates such as ethyl acetate, methyl acetate, 
isopropyl acetate, tert-butyl methyl acetate and ethyl formate; alcohols such 

10 as methanol, ethanol and isopropyl alcohol; acetonitrile; tetrahydrofuran; 
dimethylformamide; dimethylsulfoxide; dioxane; aromatic hydrocarbons such 
as benzene, toluene, xylene, etc.; halogenated hydrocarbons such as 
methylene dichloride, chloroform, carbontetrachloride, ethylene dichloride, 
etc.; ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone 

15 etc.; ethers such as tert-butyl methyl ether, diethyl ether; and diethyl 
carbonate. 

8) A process according to claim 7, wherein the organic solvent is selected from 
ethyl acetate, tetrahydrofuran, toluene, methyl ethyl ketone, methyl isobutyl 
ketone, methylene dichloride, tert-butyl methyl ether and diethyl carbonate. 



11 
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9) A process according to claim 1, wherein the titanium IV compound is 
titanium (IV) aikoxide. 

10) A process according to claim 9, wherein the titanium (IV) aII<oxlde is titanium 
(IV) isopropoxide or titanium (IV) propoxide. 

5 11) A process according to claim 1, wherein the amount of titanium complex 
used is about 0.02 to 10.00 equivalents. 

12) A process according to claim 11, wherein the amount of titanium comple:x is 
about 0.1 to 5.0 equivalents. 

13) A process according to claim 1, wherein the oxidizing agent is 
10 hydroperoxide. 

14) A process according to claim 13, wherein the hydroperoxide is cumene 
hydroperoxide. 

15) A process according to claim 13. wherein the hydroperoxide is 
tert.butylhydroperoxide. 

15 16) A process according to claim 1, wherein the chiral complex is prepared from 
a chiral alcohol and titanium aikoxide. 

17) A process according to claim 16, wherein the chiral alcohol is selected form 
esters of tartaric acids. 

18) A process according to claim 17. wherein the esters are (-)-diethyl D-tartrate 
20 and (+)-diethyl L-tartrate. 

19) A process according to claim 1, wherein oxidation is carried out in the 
presence of a base. 

20) A process according to claim 19. wherein the base is an amine. 

21) A process according to claim 20. wherein the amine is selected from 
25 triethylamine, diisopropylethylamine, pyridine, morpholine and N-methyl 

morpholine. 

22) A process according to claim 1. wherein the reaction of the compound of 
formula III with the compound of the fomiula IV in step (b) is canied out In a 
solvent or a mixture of solvents. 

30 23) A process according to claim 22, wherein the solvent is selected from the 
group consisting of carboxylates such as ethyl acetate, methyl acetate, 
isopropyl acetate, tert-butyl methyl acetate and ethyl fonnate; alcohols such 
as methanol, ethanol and isopropyl alcohol; acetonitrile; tetrahydrofuran; 
dimethylformamide; dimethylsulfoxide; dioxane; aromatic hydrocarbons such 



12 
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as benzene, toluene, xylene, etc.; halogenated hydrocarbons such as 
methylene dichloride, chloroform, carbontetrachloride, ethylene dichloride, 
etc.; ketones such as acetone, methyl ethyl ketone, methyl isobutyl ketone 
etc.; ethers such as tert-butyl methyl ether, diethyl ether; and diethyl 
5 carbonate. 

24) A process according to claim 23, wherein the solvents are selected from 
ethyl acetate, tetrahydrofuran, toluene, methyl ethyl ketone, methyl isobutyl 
ketone, methylene dichloride, tert-butyl methyl ether and diethyl carbonate. 

25) A process according to claim 1, wherein the M is sodium or potassium. 

10 26) A compound of the formula III either as a single enantiomer or in an 
enantiomerically enriched form: 




15 wherein 

Ri and Rz are same or different and selected from hydrogen, alkyi, 
alkylthio, alkoxy optionally substituted by fluorine, alkoxyaikoxy, dialkylamino, 
phenylalkyi and phenylalkoxy; 

R 3 is halo or nitro; 
20 and 

R4. R5. Re and R7 are same or different and selected froni hydrogen. 
alkyI, alkoxy, halogen, haloalkoxy, alkylcarbonyl, alkoxycarbonyl, oxazolyl and 
trifluoroalkyl. 

27) A compound of the formula III as defined in claim 26 either as a single 
25 enantiomer or in an enantiomerically enriched form. 

28) A compound of the formula III as defined in claim 26 is selected from; 
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